Abstract: This paper examines whether the proliferation of new index products, such as commodity-tracking exchange-traded funds (ETFs), amplified the volatility transmission channel introduced by financialization. This paper focuses on the volatility spillover effects among crude oil, metals, agriculture, and non-energy commodity markets. The results show financialization has an impact on the volatility of commodity prices, predominantly for non-energy commodities. However, the impact on volatility is not symmetric across all commodities. The analysis of index investment and investors' positions in futures markets shows that, when a relationship exists, it is generally negatively correlated with the realized volatility of non-energy commodities. Using realized volatility in the difference-in-difference model provides estimates that are inconsistent with other findings that non-energy commodities, traded as a part of indices, have experienced higher volatility. The results are similar to the index investment and futures market analysis, where increased participation by investors through new investment products has put download pressure on realized volatility.
Introduction
The rapid growth of index investment has greatly increased the ability for investors to access the commodity markets and, hence, expedited the market integration of commodities. The large inflows of investment capital into commodity markets precipitated a process commonly referred as financialization. Traditionally, commodity markets are partially segmented from outside financial markets, and are mostly dominated by specialized investors, who provide insurance to hedgers to earn a risk premium. Financialization enables commodities to become a popular asset class for many institutional investors, who have very different investment incentives from the traditional market participants. A conservative estimate shows that the commodity index traders more than quadrupled between 2000 and 2010 (Adams and Glück 2015) .
These new types of commodity index investors may lead to dramatic increase in commodity prices and market volatilities. Policy makers are concerned that the financialization of the commodity market may lead to unnecessary increase in the cost of food and energy (Masters 2008) . Acharya et al. (2013) propose a theoretical model to posit that speculators have time-varying risk appetites owing to risk constraints and potential financial distress, therefore, they can transmit external shocks to commodity markets. Tang and Xiong (2012) provide empirical evidence that commodity index traders (CIT) lead to a transmission channel to spill volatility from outside financial markets onto, and across, commodity markets. The correlation between various non-energy commodities and oil increased markedly after 2004, when significant index investment capital began to flow into the commodity futures markets. Our research will investigate the volatility transmission mechanism by analyzing how the total amount of capital invested in the commodity index and the total number of long and short orders impact the volatility of various non-energy commodities.
Previous studies find that commodity prices tend to be more correlated with other equity markets with the increase in CIT trading. Cheng and Xiong (2014) suggest that financialization has substantially changed commodity markets through its impact on risk sharing and information discovery. Büyüksahin et al. (2009) find that correlations across commodity contracts have increased significantly since 2004. Tang and Xiong (2012) provide evidence that commodities in two popular commodity indices, the S&P Goldman Sachs Commodity Index (GSCI) and Dow Jones-UBS Commodity Index (DJ-UBSCI), are significantly more correlated with oil prices than off-index commodities. Ji and Fan (2012) posit that the financialization effect creates a transmission channel, for outside non-commodity asset shocks, to impact commodity markets through investors rebalancing their portfolios of commodity assets. The impacts of common shocks, such as slowing global economic growth or financial crises, on commodity markets, have increased in magnitude because of information spillover effects. Adams and Glück (2015) show that financialization has changed the behavior and dependence structure between commodities and the general stock market. They argue that commodities have become an investment style for institutional investors, and the spillover between commodities and stock market would remain high.
The literature on volatility spillover effects has been focused on explaining the timing and dynamics of an increase in correlation between the commodity markets and equity markets. However, the details on how the trading of commodity index futures impacts the volatility of different commodities is still nascent. This paper fills the gap by comparing whether the proliferation of new index products, such as commodity-tracking exchange-traded funds (ETFs), has different effect on volatilities of energy, metals, and agriculture commodities.
We first use a difference-in-difference (DID) analysis, following Tang and Xiong (2012) , to analyze if non-energy commodities included in the S&P GSCI experience increased volatility compared to their off-index peers, for a longer sample period of 1998-2016. We then use two OLS models to analyze how commodity index future trading volume and the change of long and short positions by financial investors impact realized volatility.
Similar to Tang and Xiong (2012) , we find that non-energy commodities in S&P GSCI index have experienced higher volatility measured by pooled squared returns. However, when we use realized volatility generated from high frequency data, we find the opposite effect, that indexed commodity investing has put downward pressure on realized volatility. Our OLS analyses show that the impacts on volatility from index trading volume and investors' positions in future markets are not symmetric across all commodities. When a relationship exists, it is generally negative. These findings suggest that policymakers should be cautious in their mandate to potentially impose limits on investment in commodity index. The findings are also important for investors to manage risk exposures as commodity futures contracts are increasingly integrated into their investment portfolios.
We contribute to the literature by providing the first empirical evidence that index investment trading and investors' position in future market have different impact on volatilities of various commodities. Index investing is found to be either unrelated or negatively impact the realized volatility of the non-energy commodities. We also compliment Tang and Xiong (2012) by extending the sample period from 1998-2016, which enables us to observe that the increase of volatility effect, found in the original study, does not persist for post-crisis years. In addition, we also use realized volatility as a key dependent variable, and find that the increase of volatility result does not hold for this volatility measure.
The remainder of the paper is structured as follows. Section 2 describes the methodology. Section 3 explains the data used. Section 4 presents the empirical results. Section 5 concludes.
Methodology
We use three different frameworks to test the relationship between a commodity's realized volatility and financialization. The first analysis follows the DID approach proposed by Tang and Xiong (2012) to investigate if non-energy commodities, included in the S&P GSCI experience, increased volatility compared to their off-index peers. We analyze volatilities for 23 non-energy commodities traded in the United States, among which, 14 are included in the S&P GSCI and the remaining nine are off-index. Front-month futures price data, from January 1998 to June 2016, are used to generate the variables. The regression is specified as the following:
where the dependent variable Vol i,t is measured by either squared standardized daily returns or realized volatility. The standardized daily return is generated using pre-2004 average volatility and the whole sample mean. The realized volatility is generated using high frequency data following Andersen et al. (2001) and Andersen et al. (2003) . I y=t is a set of year dummies for each year after 2004, which equals to one for a specific year, and zero otherwise. Coefficient b t captures trend or baseline changes in volatility for each commodity over time. I index is an index dummy for whether a given commodity is in S&P GSCI index, which is equal to one for the 14 commodities that are part of the S&P GSCI index, and zero otherwise. Coefficient c t captures differences in volatility between non-energy commodities included in the S&P GSCI and those off-index. The second analysis examines the relationship between the financialization of commodities and their realized volatility while controlling for changes in economic fundamentals, such as global demand and supply, and we estimate the following regression:
where the dependent variable Vol is the realized volatility. Overall AUM is a proxy for the level of financialization, and is measured by the amount of capital (assets under management or "AUM") invested in an index which tracks the commodity. We choose two commodities with the highest weight in the S&P GSCI from each subgroup of energy commodities (crude oil and natural gas), metals (copper and gold), and agricultural commodities (corn and wheat) to estimate equation (2). The monthly survey data from the U.S. Commodity Futures Trading Commission (CFTC) on the amount of capital invested in commodity index investments are used to generate Overall AUM for the six chosen commodities. The control variables used are demand and supply for each commodity, measured by global consumptions and productions, as well as a cointegration term specified as logarithmic difference of the front-month futures prices. Monthly data is chosen because economic control variables are only available at monthly frequency. Since the Commitment of Traders report is released weekly, the third analysis uses the weekly futures market data for the six chosen commodities to test whether changes in long and short positions by financial investors have impacts on realized volatility as per the following:
where Vol is the realized volatility. Long Positions and Short Positions are the aggregate future positions reported by CFTC's Traders Report. Since the demand and supply control variables are not available for weekly frequency, we use implied volatility measured by the CBOE VIX index for U.S. dollar, 2-year U.S. Treasury bond yields, and S&P 500, as controls for general economic condition.
Data
The price data collected for Equation (1) are front-month futures prices between January 1998 and June 2016 for 23 non-energy commodities traded in the United States, as listed in Table 1 . Out of the 28 commodities listed, we excluded four energy commodities following Tang and Xiong (2012) , and excluded pork bellies, due to insufficient data. By isolating the analysis to U.S.-traded commodities, one can avoid the impact of exchange rates, transportation and other frictions between the United States and global markets. The price data are used to generate realized volatility at various frequencies for the commodities analyzed. Realized volatility is calculated using the following equation:
where R 2 t is the squared daily return and n represents the number of trading days in the week or month. Summary statistics are provided in Table 2 . Realized volatilities experience significant variations in the sample period, and this holds true across all commodities. For example, realized volatility of copper varies from as low as 8.43 to as high as 54.27. The maximum level of realized volatilities are at least twice as high as the sample mean for all commodities. Charts depicting the time series for each commodity are included in Figure 1 . These commodities experienced lower-than-average volatility during the post-recovery period before increasing again during the large selloff of commodity in conjunction with oil price crash beginning in late 2014. The financialization measurements Overall AUM in Equation (2) are collected from U.S. CFTC, which keeps track of these data from December 2007 through to October 2015. 1 The frequency is quarterly until June 2010, at which point, it increased to monthly. We choose to use the monthly data from June 2010 to October 2015. The control variables supply and demand for each commodity, except gold, are the global consumption and production data collected from U.S. government agencies, such as the Energy Information Administration (EIA), the statistical arm of the Department of Energy (DOE), the U.S. Department of Agriculture (USDA), the Federal Reserve, the World Bureau of Metal Statistics (WBMS), and the Chicago Board Options Exchange (CBOE), correspondingly. For gold, because its price does not respond to changes in fundamentals, such as supply and demand, we treat it as a financial asset and use financial control variables, such as equity, measured by the VIX for supply and U.S. dollar volatility for demand. Summary statistics are reported in Table 3 . Gold is treated as a financial asset in the monthly OLS specification on the assumption its price does not respond to changes in fundamentals such as supply and demand. Instead, the model is specified with financial control variables, such as equity, measured by the VIX for supply and U.S. dollar volatility for demand.
For the weekly regression of Equation (3), the trading positions held by financial investors in futures markets are used as proxies for financialization. These data are collected from the CFTC's Commitment of Traders Report, 2 which separate out the various market participants (commercial users, swap dealers, money managers, etc.). The disaggregated reports began in June 2006, and are released at a weekly frequency. Summary statistics of futures positions, from June 2006 to July 2016, are reported in Table 4 . Large variation in both long and short positions are clearly shown, with copper trading as low as around 2 million contracts, to as high as over 66 million contracts for long positions. The dataset can be accessed at http://www.cftc.gov/marketreports/indexinvestmentdata/index.htm. The report can be accessed at http://www.cftc.gov/Marketreports/CommitmentsofTraders/index.htm. 
Empirical Results
The difference-in-difference empirical results using squared standardized return as dependent variable are presented in Table 5 . Consistent with Tang and Xiong (2012) An alternative DID analysis is tested using realized volatility in lieu of squared standardized daily returns The difference in these results might be caused by the extended sample period; most of the negative coefficients happen during years not covered by the original Tang and Xiong (2012) study. Another reason is that realized volatility is generated using high frequency data, and might capture more details about volatility than the squared standardized returns.
To further investigate why realized volatility results are different from the standard squared return results, we augment regression (1) with interaction terms 2016 ∑ t=2004 d t I Index I y=t X t to control for impacts from various factors, including S&P500 return, core inflation rate, MSCI Emerging Markets equity return, U.S. bond index, and trade-weighted U.S. dollar index. The regression is revised to Equation (5) as the following:
where X t denotes S&P500 return, core inflation rate, MSCI Emerging Markets equity return, U.S. bond index, and trade-weighted U.S. dollar index. The rest of the variables are similarly defined as in Equation (1). The coefficients d t are reported in Table 6 , which capture how these factors impact the DID coefficients for the indexed commodities. Table 6 shows significant difference in d t between the squared returns and realized volatilities regressions. For example, the coefficients for realized volatilities in 2016 are significant and negative for both S&P500 and MSCI Emerging Market index, but are insignificant for squared return. Similarly, d 2013 is negative significant for realized volatility regression in 2013 for core inflation factor, but not significant for the squared return regression. These are likely to be the channel contributing to the negative coefficient of the realized volatility model from Equation (1). As for 2008, squared returns are affected by all factors except for the U.S. dollar index. By contrast, realized volatility is only influenced by core inflation. This is another contributing factor for the differences in 2008. Since realized volatility and squared returns are sensitive to different control factors in different years, the estimated coefficients in the original DID model reflect the influence by these factors. Note: Standard errors in parentheses (*** p < 0.01, ** p < 0.05, * p < 0.1). The coefficients are estimated from the DID model with different factors including S&P500 return, core inflation rate, MSCI Emerging market equity return, U.S. bond index, and trade weighted US dollar index.
The results of regression (2) are reported in Table 7 panel A. The coefficient for AUM is negative but insignificant for crude oil, indicating there is no statistical relationship between assets under management tracking crude oil indices and realized volatility for crude oil. Natural gas futures have a negative significant relationship with realized volatilities. These results imply that increased participation by financial market investors dampens volatility in the U.S. natural gas market. The supply and demand control variables are significant for explaining volatility. Similar to natural gas, the financialization effect is significant and negative for copper. The key determinants of volatility in U.S. copper markets are the changes in index investors' positions and global supply levels. In the gold, corn, and wheat markets, the coefficients for AUM are insignificant. In general, monthly data regression reveals a negative relationship between financialization and realized volatility for natural gas and copper, and an insignificant relationship for other commodities. Most of the significant correlations are negative, with the crude oil and natural gas being the only commodities showing significant positive effect from investor future contract positions.
Comparing differences between monthly results and weekly results in Table 7 , we find that the weekly analysis tends to reveal more significant effects. The monthly results from Panel A report two significant effects out of the six commodities, while the weekly analysis reported in Panel B shows significant coefficients for either the long or short positions for all six commodities are significant. More specifically, the monthly results in Panel A show that realized volatilities of wheat and corn are primarily influenced by changes in supply and demand factors-financialization does not have a significant relationship with realized volatilities. However, the weekly analysis shows that changes to both long and short positions in wheat contracts and short positions in corn contract put downward pressure on volatility in the U.S. wheat market.
In summary, both the monthly and weekly futures data suggest a significant relationship between realized volatility and financialization. Most of the coefficients tend to be negative significant, implying that financialization lead to lower realized volatilities.
Conclusions
Overall, the results show financialization has an impact on the volatility of commodity prices, predominantly for non-energy commodities. However, the impact on volatility is not symmetric across all commodities or investor types. The analysis of index investment and investors' positions in futures markets shows that, when a relationship exists, it is generally negatively correlated with the realized volatility of non-energy commodities.
Using realized volatility in Tang and Xiong (2012) DID model provides estimates that are inconsistent with the original finding. We find non-energy commodities in commodity index have experienced lower volatility. These different results are similar to the index investment and futures market analysis, where increased participation by speculators through new investment products has put download pressure on realized volatility.
Commodity index investors typically manage well-diversified portfolios across various asset classes, which allows their increased presence in commodity markets to likely lead to improved sharing of price risk. This risk-sharing benefit should drive the risk premia lower in futures prices, allowing for producers (e.g., farmers, miners, etc.) to receive higher futures prices for their raw materials. Both Tang and Xiong (2012) , and our paper, arrive at the same policy conclusion that financialization and the increased role of financial market participants in commodity markets leads to net benefit for market participants through risk-sharing.
Proposed financial market regulation, brought on by the fallout of the global financial crisis, has led to proposed position limits to curb the amount of financial investment and speculation in commodity markets (such as in Europe). Policymakers need to be cognizant of imposing constraints that limit capital flows that provide risk-sharing benefits.
